Although recent studies suggest contamination by bacteria and nitrate in private drinking water systems is of increasing concern, data describing contaminants associated with the corrosion of onsite plumbing are scarce. This study reports on the analysis of 2,146 samples submitted by private system homeowners. Almost 20% of first draw samples submitted contained lead concentrations above the United States Environmental Protection Agency action level of 15 μg/L, suggesting that corrosion may be a significant public health problem. Correlations between lead, copper, and zinc suggested brass components as a likely lead source, and dug/bored wells had significantly higher lead concentrations as compared to drilled wells. A random subset of samples selected to quantify particulate lead indicated that, on average, 47% of lead in the first draws was in the particulate form, although the occurrence was highly variable. While flushing the tap reduced lead below 15 μg/L for most systems, some systems experienced an increase, perhaps attributable to particulate lead or lead-bearing components upstream of the faucet (e.g., valves, pumps). Results suggest that without including a focus on private as well as municipal systems it will be very difficult to meet the existing national public health goal to eliminate elevated blood lead levels in children.
INTRODUCTION

Edwards ). The United States Environmental Protection
Agency (USEPA) has estimated that waterborne lead may contribute up to 20% of an adult's total lead exposure and up to 60% of total lead exposure for an infant consuming formula (US Environmental Protection Agency ); however, as other sources of exposure are removed from the environment, the relative percentage of exposure related to water is likely rising (Levin et al. ) .
In 1991, the USEPA promulgated the Lead and Copper actions to control corrosion, and educate the public regarding risks and water-lead avoidance strategies (US Environmental Protection Agency ).
Approximately 10-15% of US households are dependent on private drinking water systems (i.e., systems that serve an average of less than 25 individuals for at least 60 days per year and have less than 15 service connections), which by definition are not regulated by the USEPA under the Safe Drinking Water Act (SDWA) or subject to LCR requirements (US Environmental Protection Agency , , ). Although some states have regulations related to the initial siting of private wells, these regulations do not address long-term water quality monitoring to ensure safe drinking water. As the monitoring and maintenance of private systems are solely the responsibility of the homeowner, water quality testing is often inconsistent and systematic reporting of water quality at the community or state level is uncommon (Francis et ). Contamination due to the corrosion of internal plumbing is rarely assessed, but results from the few studies that measured lead concentrations in 'first draw' samples (i.e., sample collected from the POU following a minimum of 6 hours of stagnation) suggest that corrosion may be a concern in private systems. Although regulatory mechanisms such as the SDWA and LCR ensure the provision of safe drinking water to homes connected to municipal systems, recent studies have highlighted the need to more deeply examine private drinking water systems where exposure to waterborne contaminants of human health concern are increasingly recognized (Wallender et al. ) . In particular, without characterizing waterborne lead exposure in these systems, achieving the federal goal to eliminate elevated blood lead levels in children by 2020 will be challenging (US Department of Health and Human Services ). To better characterize the incidence of lead in samples from these systems, this study: (1) documents the occurrence of lead in water samples collected from the POU of households dependent on private drinking water systems; (2) quantifies the relative amounts of dissolved and particulate lead in these samples; (3) identifies major system and environmental characteristics associated with high lead concentrations;
and (4) had a pH value outside the recommended 6.5-8.5 range, and 89% of these pH values (n ¼ 491) were below 6.5.
Values exceeding other water quality constituents targeted by VAHWQP were relatively rare. 
Lead concentrations
Compliance with the LCR requires that no more than 10% of samples exceed the action level. As each private system is an independent distribution system and only one first draw sample was collected during this study, for comparison purposes, the action level was used as a threshold. Lead concentrations in the first draws ranged from below detection (<1 μg/L) to 24,740 μg/L (Figure 1(a) ). Eighty percent of On average, for the preselected first draws with detectable total lead concentrations (!1 μg/L, n ¼ 55), 75% of the total lead was in the particulate form, although some samples were entirely composed of particulate lead ( Figure 3(a) ; i.e., >99%). For the randomly selected first draws with detectable total lead concentrations (!1 μg/L, n ¼ 143), 47% of the total lead was in the particulate form, and again, some samples were composed entirely of particulate lead (i.e., >99%). The median lead concentration for preselected first draws (n ¼ 67, 5.2 μg/L) was significantly higher (Wilcoxon signed-rank tests, p < 0.05) than randomly selected first draws (n ¼ 183, 1.1 μg/L). Only 30% of the corresponding flushed samples (n ¼ 76) measured detectable lead concentrations, but 62% of the total lead was in the particulate form (Figure 3(b) ).
Overall, the fraction of particulate lead in the first draw did not increase with higher total lead concentrations.
Households with elevated total lead concentrations had varying fractions of particulate lead ranging from nondetectable to 99% composition (Figure 3(a) ). This is consistent with prior work indicating that the occurrence of particulate lead is variable and unpredictable in public water systems, even when sampling is rigorously controlled Potential factors predictive of elevated lead concentrations in first draw samples
System characteristics
The median lead concentration for dug/bored wells (n ¼ 248, 9.4 μg/L) was significantly higher (KruskalWallis test, p < 0.05) than drilled wells (n ¼ 1,607, 3.6 μg/L) and springs (n ¼ 77, 3.5 μg/L). While 32% of samples from 
LIMITATIONS
As previously discussed, this work represents a collaborative effort with an ongoing extension effort. Homeowners volunteered to participate and therefore, had both the knowledge and resources to procure water quality testing, which may have introduced sample bias. It is unknown if the rates of contamination were elevated as concerned homeowners sought testing, or reduced as a specific demographic was primarily targeted. The sampling protocol was designed to quantify contamination commonly found in private drinking 
